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SUMMARY 

w -  

P a r a m e t r i c  tes ts  were conducted  on a n o m i n a l   1 4 : l   f i x e d - r a t i o   N a s v y t i s  
m u l t i r o l l e r   t r a c t i o n   d r i v e   s p e e d   r e d u c e r   r e t r o f i t t e d   t o   a n   a u t o m o t i v e   g a s  
t u r b i n e   e n g i n e .   T h e  t e s t  d r i v e ' s   s u n   r o l l e r   a s s e m b l y  was equipped   wi th  a 
mechanism t o   p r o p o r t i o n a t e l y   l o a d   t h e   r o l l e r s   i n   r e s p o n s e   t o   t h e   t o r q u e  on 
t h e   d r i v e .  The   gas   t u rb ine   eng ine ' s   power   t u rb ine   a s sembly  was m o d i f i e d   t o  
a c c o m m o d a t e   t h e   N a s v y t i s   d r i v e   i n   p l a c e   o f   t h e   s i n g l e - m e s h ,   9 . 6 9 : l   r a t i o  
h e l i c a l   g e a r s e t .   T h e   t r a c t i o n   d r i v e   a n d   t h e   p o w e r   t u r b i n e   s u p p o r t   b e a r i n g s  
w e r e , l u b r i c a t e d  by a s y n t h e t i c ,   c y c l o a l i p h a t i c   t r a c t i o n   f l u i d .  The e f f e c t s  
o f   s p e e d   a n d   t o r q u e   o n   d r i v e   p o w e r   l o s s ,   e f f i c i e n c y ,   c r e e p  r a t e ,  t e m p e r a t u r e  
d i s t r ibu t ion ,   and   l oad ing   mechan i sm  ope ra t ion  were i n v e s t i g a t e d .   T e s t s  were 
conduc ted   t o   fu l l - eng ine -power   t u rb ine   speed   o f   45  000 rpm a n d   t o  a measured 
d r i v e   o u t p u t  power l eve l   o f   102  kW (137  hp) .   S imi la r   d r ives   have   been  
p a r a m e t r i c a l l y   t e s t e d  on a back-to-back tes t  s t a n d   t o  180 kW (240  hp) .  
Dr ive   per formance   under   f ixed-pre load   opera t ion  was compared  with 
per formance   under   var iab le- ro l le r - load   opera t ion .   Compar isons  were a l s o  
made be tween   t he   spec i f i c   fue l   consumpt ion   o f   t he   t r ac t ion -d r ive -equ ipped  
e n g i n e   a n d   t h e   o r i g i n a l  he l ica l -gearse t -equipped  eng ine .  

t u r b i n e   e n g i n e .   T h e   s p e c i f i c  f u e l  consumption  of   the  engine  with  the 
t r a c t i o n   d r i v e  was c o m p a r a b l e   t o   t h a t   o f   t h e   o r i g i n a l   h e l i c a l - g e a r - r e d u c e r -  
e q u i p p e d   e n g i n e .   E s t i m a t e d   p e a k   e f f i c i e n c y   o f   t h e   t r a c t i o n   d r i v e   b a s e d  on a 
l u b r i c a n t   h e a t   b a l a n c e   e x c e e d e d  92 p e r c e n t .   T o t a l   d r i v e   c r e e p  was 0 .5   t o  
1.0 p e r c e n t a g e   p o i n t   h i g h e r   f o r   v a r i a b l e - r o l l e r - l o a d   o p e r a t i o n   t h a n   f o r  
f i x e d .   T o t a l   d r i v e   c r e e p  was a lways   2 .5   percent   o r  less f o r   e i t h e r   s y s t e m .  
P a r t - l o a d   e f f i c i e n c y  was improved by v a r i a b l e - r o l l e r - l o a d   o p e r a t i o n .  
I n s p e c t i o n   o f  t h e  t r a c t i o n   r o l l e r s  showed  no s i g n s   o f  wear o r   s u r f a c e  
d i s t r e s s .  

The t r a c t i o n   d r i v e  was o p e r a t i o n a l l y   c o m p a t i b l e   w i t h  t h e  au tomot ive   gas  

INTRODUCTION 

P r i o r   r e s e a r c h   w i t h   t h e   N a s v y t i s   f i x e d - r a t i o   t r a c t i o n   d r i v e   h a s  shown 
i t  t o  be a s m o o t h ,   e f f i c i e n t  power   t r ansmiss ion   ( r e f s .  1 and 2 ) .  Two t e s t  
d r i v e s ,   o n e   o f   n o m i n a l   1 5 : l   r a t i o   a n d   o n e   o f   n o m i n a l   1 4 : l   r a t i o ,   w e r e  
p a r a m e t r i c a l l y   t e s t e d  on a back-to-back t e s t   s t a n d .  The former was t e s t e d  
t o   i n p u t   s p e e d s   o f   7 3  000 rpm and t o   i n p u t  power l e v e l s   o f  127 kW (170  hp)  
( r e f .   l ) ,   a n d   t h e  l a t t e r  t o  46 000 rpm and  180 kW ( 2 4 0   h p )   ( r e f .  2 ) .  Peak 
e f f i c i e n c i e s   o f  96   and   94   pe rcen t ,   r e spec t ive ly ,  were m e a s u r e d   ( r e f .   2 ) .  
E a r l i e r  N a s v y t i s   d r i v e s   h a v e   b e e n   b u i l t   a n d   t e s t e d   i n  a number  of  speed  and 
power   r anges   ( r e f .   3 ) .   These  tes t  u n i t s   i n c l u d e  a 373-kW (500-hp)   reducer  
w i t h  a speed   r a t io   o f   48 .2   and   an   i npu t   speed   o f   53  000 rpm, a 2.2-kW 
(3-hp),   480 000-rpm i n c r e a s e r   w i t h  a s p e e d   r a t i o   o f   1 2 0 ,   a n d  a 3.7-kW 
( 5 - h ~ ) ~  150  000-rpm i n c r e a s e r   ( r e f .   3 ) .  A l l  o f   t h e s e   d r i v e s  were of t h e  
mul t ip l e - row  Nasvy t i s   t ype   w i th  two o r   t h r e e   r o w s   o f   d u a l - d i a m e t e r   p l a n e t  
r o l l e r s .  

t r a c t i o n   d r i v e s  are i d e a l l y   s u i t e d  i s  t h e   p r i m a r y   s p e e d   r e d u c e r   f o r  a g a s  
t u r b i n e   e n g i n e .   C u r r e n t   d e v e l o p m e n t s ,   p a r t i c u l a r l y  i n  au tomot ive   gas  
t u r b i n e   a p p l i c a t i o n s ,   h a v e   s p u r r e d   r e s e a r c h   i n t o   q u i e t ,   e f f i c i e n t ,   c o m p a c t ,  
h igh - speed   t r ansmiss ions .   S t a t e -o f - the -a r t ,   tw in - sha f t   au tomot ive   gas  
t u r b i n e s   h a v e  maximum power t u r b i n e   s p e e d s   o f  7 0  000 rpm. Des igns   fo r  
a d v a n c e d   s i n g l e - s h a f t   e n g i n e s  show a t r end   t oward   h ighe r   speeds ,  100 000 rpm 
o r   h i g h e r ,   t o   i m p r o v e   e f f i c i e n c y   a n d   p e r f o r m a n c e   a n d   t o   r e d u c e   s i z e .  A t  

One a p p l i c a t i o n   f o r   w h i c h   h i g h - p e r f o r m a n c e ,   h i g h - s p e e d ,   f i x e d - r a t i o  



t h e s e   s p e e d s   t h e  gearsets r e q u i r e d  t o  r e d u c e   t h e   p o w e r   t u r b i n e   s h a f t   s p e e d  
t o  u s a b l e  levels  m u s t   c o n t a i n  small, a c c u r a t e ,   h i g h   q u a l i t y ,   f i n e l y   p i t c h e d  
g e a r s .   T h e s e   g e a r s  are e x p e n s i v e   t o   m a n u f a c t u r e  and o f t e n   d i f f i c u l t   t o  cool.  

H i s t o r i c a l l y ,   t r a c t i o n   d r i v e s   h a v e   n o t   b e e n   s i z e   c o m p e t i t i v e   w i t h   g e a r s  
because  of t h e   m a n n e r   i n   w h i c h   t o r q u e  i s  t r a n s m i t t e d .   U n l i k e  a gear   mesh ,  a 
s i n g l e   t r a c t i o n   c o n t a c t   m u s t   r e l y   o n   a n   i m p o s e d   n o r m a l   l o a d  a t   l ea s t  10 t o  
20 times g r e a t e r   t h a n   t h e   t r a n s m i t t e d   t a n g e n t i a l   f o r c e .  However, t h e   u s e  of 
modern  bear ing s t ee l s ,  f l u i d s   w i t h   h i g h   t r a c t i o n   c o e f f i c i e n t s ,   a n d   m u l t i p l e  
l o a d - s h a r i n g   c o n t a c t s   c a n   m o r e   t h a n   o f f s e t   t h i s   a d v e r s e   l o a d i n g   s i t u a t i o n .  
The s tee ls  u s e d   i n  ea r l i e r  t r a c t i o n   d r i v e s   h a d   s i g n i f i c a n t l y  less f a t i g u e  
r e s i s t a n c e   t h a n   t o d a y ' s   m e t a l l u r g i c a l l y   c l e a n e r   b e a r i n g  s tee ls .  C u r r e n t l y ,  
h igh -g rade   bea r ing  s tee ls  are  a v a i l a b l e   t h a t   c a n   e x t e n d   t h e   f a t i g u e   l i f e   o f  
ro l l ing-e lement   sys tems  by  two t o   s i x  times. 

h y d r o c a r b o n s   t h a t   c a n   g e n e r a t e   u p   t o   5 0   p e r c e n t   m o r e   t r a c t i o n   t h a n  
c o n v e n t i o n a l   m i n e r a l   o i l s   f o r   t h e  same  normal   load   ( re f .  4 ) .  Because   d r ives  
u s i n g   t h e s e   f l u i d s   c a n   b e   d e s i g n e d   f o r   l o w e r   n o r m a l   l o a d s ,   s e r v i c e   l i f e  i s  
improved   and   sma l l e r   d r ives   can   be   u sed .  A 5 0   p e r c e n t   i n c r e a s e   i n   t r a c t i o n  
c o e f f i c i e n t  means a 5 0   p e r c e n t   i n c r e a s e   i n   t o r q u e   c a p a c i t y   f o r  a g iven  l i f e  
a n d   s i z e .  

W i t h   r e g a r d   t o   l u b r i c a n t s ,   r e s e a r c h e r s   h a v e   d e v e l o p e d   s y n t h e t i c  

F i n a l l y   i n   t e r m s   o f   d e s i g n ,   r e f e r e n c e  5 shows t h a t   d r i v e   s i z e  i s  
i n v e r s e l y   r e l a t e d   t o   t h e  n u m b e r   o f   t r a c t i o n   e l e m e n t s   f o r   c o n s t a n t   l i f e .  
I f  a s i m p l e   t r a c t i o n   d r i v e  were d e s i g n e d   t o   t r a n s m i t   s u b s t a n t i a l   p o w e r   w i t h  
j u s t  two e l e m e n t s ,  much l i k e  a g e a r s e t ,   t h e   e l e m e n t   s i z e s   w o u l d   n e c e s s a r i l y  
b e   r e l a t i v e l y   l a r g e   s i n c e   o n l y   o n e   t r a c t i o n   c o n t a c t   w o u l d   h a v e   t o   t r a n s m i t  
a l l  of   the  power.  To a c h i e v e   h i g h   p o w e r   d e n s i t y ,  a t r a c t i o n   d r i v e   m u s t   b e  
d e s i g n e d   w i t h  many l o a d - s h a r i n g   r o l l i n g   e l e m e n t s   t h a t   c a n   r e d u c e   u n i t   l o a d -  
i n g .   T h i s   h a s   b e e n   r e c o g n i z e d   f o r  some time. The a n a l y s i s   o f   r e f e r e n c e  5 
h a s  shown t h e   e x t e n t   t o   w h i c h   t h e   d r i v e   p a c k a g e   s i z e   a n d   t h e   w e i g h t - p o w e r  
r a t i o   o f   p l a n e t a r y   d r i v e s   a c t u a l l y   d e c r e a s e  as t h e  n u m b e r   o f   p l a n e t   r o l l e r s  
i s  i n c r e a s e d   f o r  a g i v e n   f a t i g u e   l i f e .  A h i g h - p e r f o r m a n c e ,   f i x e d - r a t i o ,  
m u l t i c o n t a c t ,   s i m p l e   p l a n e t a r y   r o l l e r   d r i v e  was t e s t e d   o v e r  10 y e a r s   a g o  
( r e f .  6 ) .  The   p l ane ta ry   a r r angemen t   r educed   t he   l oads  on e a c h   r o l l e r   a n d  
i n s u r e d   t h a t   t h e   r e l a t i v e l y   l a r g e   n o r m a l   c o n t a c t   l o a d s  were i n t e r n a l l y  
ba lanced   and  were r e a c t e d  by a r i n g   r o l l e r   r a t h e r   t h a n  by b e a r i n g s .  Tes t s  
w i t h   t h i s   3 . 5 : l   r a t i o ,   s i x - p l a n e t - r o l l e r ,  75-kW (100-hp)  unit   showed i t  t o  
h a v e   c o m p a r a b l e   e f f i c i e n c y   t o ,   a n d   s u b s t a n t i a l l y   l o w e r   n o i s e   t h a n ,  a 
c o m p a r a b l e   p l a n e t a r y   g e a r s e t .  

F i x e d - r a t i o   t r a c t i o n   d r i v e s   w i t h  a s i m p l e ,   s i n g l e - r o w   p l a n e t   r o l l e r  
c o n f i g u r a t i o n  a r e ,  h o w e v e r ,   l i m i t e d   i n   s p e e d   r a t i o   r a n g e  by p l a n e t - t o - p l a n e t  
in te r fe rence .   The   above-ment ioned  75-kW des ign   had   on ly  a 3 . 5 : l   r a t i o .  A 
remedy t o   t h e   r a t i o   a n d   p l a n e t  number l i m i t a t i o n s  of  s imple ,   s ing le - row 
p l a n e t a r y   t r a c t i o n   d r i v e s  was  devised  by A .  L. N a s v y t i s   ( r e f .   3 ) .  H i s  d r i v e  
s y s t e m   u s e d   t h e   s u n   a n d   r i n g   r o l l e r   o f   t h e   s i m p l e   p l a n e t a r y   t r a c t i o n   d r i v e  
b u t   r e p l a c e d   t h e   s i n g l e  row o f  e q u a l - d i a m e t e r   p l a n e t   r o l l e r s   w i t h  two o r  
m o r e   r o w s   o f   " s t e p p e d "   o r   d u a l - d i a m e t e r   p l a n e t   r o l l e r s .   W i t h   t h i s  new 
" m u l t i r o l l e r "   a r r a n g e m e n t ,   p r a c t i c a l   s p e e d   r a t i o s   o f   2 5 0   o r   h i g h e r   c o u l d   b e  
o b t a i n e d   i n  a s i n g l e   p l a n e t a r y   s t a g e   w i t h   o n e   s u n - r o l l e r ,   o n e   r i n g - r o l l e r ,  
and   t h ree   p l ane t - ro l l e r   rows .   Fu r the rmore   t he   number   o f   p l ane t   ro l l e r s  
c a r r y i n g   t h e   l o a d   i n   p a r a l l e l   c o u l d   b e   g r e a t l y   i n c r e a s e d   f o r  a g i v e n   r a t i o .  
T h i s   r e s u l t e d   i n  a s i g n i f i c a n t   r e d u c t i o n   i n   i n d i v i d u a l   r o l l e r   c o n t a c t  
l o a d i n g ,   w i t h  a c o r r e s p o n d i n g   i m p r o v e m e n t   i n   t o r q u e   c a p a c i t y ,   f o r  a g i v e n  
f a t i g u e   l i f e .  

i n   t h e  areas o f  low n o i s e ,   c o m p a c t n e s s ,   h i g h   e f f i c i e n c y ,   a n d  low c o s t .   T h i s  
T h e   h i g h - p e r f o r m a n c e ,   f i x e d - r a t i o   N a s v y t i s   t r a c t i o n   d r i v e   h a s   p r o m i s e  
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.. 

i n v e s t i g a t i o n   e v a l u a t e d   t h e   o p e r a t i o n a l   c a p a b i l i t i e s   o f  a N a s v y t i s   t r a c t i o n  
d r i v e  as r e t r o f i t t e d   t o   a n   a u t o m o t i v e  gas t u r b i n e   e n g i n e ,   c o m p a r e d   t h e  
r e s u l t s   w i t h   p a r a m e t r i c   d a t a   o b t a i n e d   o n  a back-to-back t es t  s t a n d ,   a n d  
compared   t he   spec i f i c   fue l   consumpt ion   o f   t he   eng ine   equ ipped   w i th   t he  
t r a c t i o n   d r i v e   t o   t h a t   o f   t h e   o r i g i n a l   g e a r s e t - e q u i p p e d   e n g i n e .  

t h i s   i n v e s t i g a t i o n  i s  shown i n   f i g u r e  1. Two r o w s   o f   f i v e   s t e p p e d   p l a n e t  
r o l l e r s  are  conta ined   be tween  the   concent r ic   h igh-speed   sun   and   low-speed  
r i n g   r o l l e r s .  T h e   p l a n e t   r o l l e r s   d o   n o t   o r b i t .   T h e   s e c o n d   o r   o u t e r  row o f  
p l a n e t   r o l l e r s  is  g r o u n d e d   t o   t h e  case t h r o u g h   r e a c t i o n   b e a r i n g s .   T h i s  i s  a 
f a v o r a b l e   p o s i t i o n   f o r   t h e   r e a c t i o n   b e a r i n g s   s i n c e   t h e   r e a c t i o n   f o r c e s   a n d  
o p e r a t i n g   s p e e d s  are r e l a t i v e l y  low. 

T h e   s u n   r o l l e r   a n d   t h e   f i r s t  row o f   p l a n e t   r o l l e r s   f l o a t   f r e e l y ,  
r e l y i n g  on c o n t a c t   w i t h   a d j a c e n t   r o l l e r s   f o r   l o c a t i o n .   B e c a u s e   o f   t h i s  
s e l f - s u p p o r t i n g   r o l l e r   a p p r o a c h ,   t h e  number o f   t o t a l   d r i v e   b e a r i n g s  i s  
g r e a t l y   r e d u c e d   a n d   t h e   n e e d   f o r   t h e   o f t e n   t r o u b l e s o m e   h i g h - s p e e d   s u n   r o l l e r  
s u p p o r t   b e a r i n g   h a s   b e e n   e l i m i n a t e d .   I n   a d d i t i o n ,   b o t h   r o w s   o f   p l a n e t  
r o l l e r s  are  i n   t h r e e - p o i n t   c o n t a c t   w i t h   a d j a c e n t   r o l l e r s ,   p r o m o t i n g  a n e a r l y  
i d e a l   i n t e r n a l   f o r c e   b a l a n c e .   I n   t h e   e v e n t   o f  a s l i g h t   m i s m a t c h   i n   r o l l e r  
l o a d i n g ,   t h e   f i r s t   a n d   s e c o n d  row o f   p l a n e t   r o l l e r s   ( s u p p o r t e d  by l a r g e  
c l e a r a n c e   b e a r i n g s )   s h i f t   u n d e r   l o a d   u n t i l   t h e   f o r c e   b a l a n c e  is 
r e e s t a b l i s h e d .   C o n s e q u e n t l y   s l i g h t   m i s m a t c h e s   i n   r o l l e r   d i m e n s i o n s ,   h o u s i n g  
d i s t o r t i o n s   u n d e r   l o a d ,   o r   t h e r m a l   d i s t o r t i o n s   m e r e l y  cause a s l i g h t   c h a n g e  
i n   r o l l e r   o r i e n t a t i o n   w i t h o u t   a f f e c t i n g   p e r f o r m a n c e .   B e c a u s e   o f   t h i s   r o l l e r  
c l u s t e r   f l e x i b i l i t y ,   t h e   m a n u f a c t u r i n g   t o l e r a n c e s   f o r   r o l l e r   d i m e n s i o n s   a r e  
n o   m o r e   s t r i n g e n t   t h a n   t h e   d i m e n s i o n a l   s t a n d a r d s  se t  for  mass-produced 
b e a r i n g   r o l l e r s .  

r o w ,   a n d   t h e   r e l a t i v e   d i a m e t e r   r a t i o s  a t  e a c h   c o n t a c t  are v a r i a b l e s   t o  be 

T h e   g e o m e t r y   t y p i c a l   o f   t h e   N a s v y t i s   t r a c t i o n   ( N a s v y t r a c )   d r i v e   u s e d   i n  

The   number   o f   p l ane t - ro l l e r   rows ,   t he  number o f   p l a n e t   r o l l e r s   i n   e a c h  

,-Sun roller 

Figure 1. - Typical geometry of the Nasvytis traction drive. 
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o p t i m i z e d   a c c o r d i n g  t o  t h e   o v e r a l l   s p e e d   r a t i o   a n d   t h e   u n i f o r m i t y   o f   c o n t a c t  
f o r c e s .   I n   g e n e r a l ,   d r i v e s   w i t h  two p l a n e t - r o l l e r   r o w s  are s u i t a b l e   f o r  
s p e e d   r a t i o s   f r o m  4 t o   a b o u t  35, a n d   d r i v e s   w i t h   t h r e e   p l a n e t - r o l l e r   r o w s  
are  s u i t a b l e   f o r   r a t i o s   f r o m  10 t o   a b o u t  250. 

I n   a d d i t i o n   t o   t h e   a d v a n t a g e s   o f  low u n i t   l o a d i n g   d u e   t o   m u l t i p l e  
r o l l e r s ,   t h e   e l i m i n a t i o n   o f   h i g h - s p e e d   b e a r i n g s   a n d   n u m e r o u s   p l a n e t   s u p p o r t  
b e a r i n g s ,   a n d   t h e   h i g h   r a t i o   c a p a b i l i t y   i n  a s i n g l e  stage,  t h e   N a s v y t r a c  
d r i v e  i s  i n h e r e n t l y   s u i t e d   f o r   h i g h - s p e e d   o p e r a t i o n ,   o f t e n   b e y o n d   t h a t   w h i c h  
i s  p o s s i b l e   w i t h   g e a r s .   M a n u f a c t u r e   o f  i t s  c y l i n d r i c a l l y   s h a p e d   r o l l e r s  i s  
r e l a t i v e l y   s i m p l e  a s  compared   wi th   the   manufac ture   o f  gear t e e t h .  Smooth 
s t e e l  r o l l e r s   d r i v i n g   t h r o u g h  a t h i n   l u b r i c a n t   f i l m  cause t h e   d r i v e   t o  
o p e r a t e   m o r e   q u i e t l y   t h a n  a g e a r e d   d r i v e .  

EQUIPMENT AND PROCEDURE 

Tes t   Engine  

T h e   p o w e r p l a n t   u s e d   i n   t h i s   i n v e s t i g a t i o n  was t h e   C h r y s l e r   C o r p .  
s i x t h - g e n e r a t i o n   a u t o m o t i v e   g a s   t u r b i n e   e n g i n e .   T h i s   e n g i n e   h a d   b e e n   u s e d  
a s  a b a s e l i n e   e n g i n e   i n  a program  tha t   had  as  i t s  g o a l   t o   d e m o n s t r a t e   a n  
e x p e r i m e n t a l   g a s   t u r b i n e   t h a t   c o u l d   b e   c o m p e t i t i v e   w i t h   t h e   c o n v e n t i o n a l  
i n t e r n a l   c o m b u s t i o n   p i s t o n   e n g i n e   i n  a s t anda rd   Amer ican   au tomobi l e   i n   t e rms  
of e m i s s i o n s ,   f u e l   e c o n o m y ,   p e r f o r m a n c e ,   r e l i a b i l i t y ,   a n d   p o t e n t i a l   c o s t  
( r e f .  7 ) .  To s impl i fy   t he   deve lopmen t ,   manufac tu re ,   and   eva lua t ion   o f  
c r i t i c a l   c o m p o n e n t s ,   t h e   b a s e l i n e   e n g i n e   h a d   b e e n   d e s i g n e d   w i t h  e a s i l y  
c h a n g e d   s u b a s s e m b l i e s .   T h i s   a l l o w e d   t h e   r e t r o f i t   o f  a t r a c t i o n   d r i v e   s p e e d  
r e d u c e r   w i t h o u t   m a j o r   e n g i n e   m o d i f i c a t i o n .  

T h e   b a s e l i n e   g a s   t u r b i n e   e n g i n e  i s  c l a s s i f i e d  as  a free-power- turbine,  
l o w - p r e s s u r e - r a t i o ,   r e g e n e r a t i v e   d e s i g n .   F i g u r e  2 schemat i ca l ly   shows   t he  
eng ine   a i r f low  pa th   and   ma jo r   componen t s .  It  b a s i c a l l y   c o n s i s t e d   o f  a 

AlC 
INTAKE 

ATOR 

TO REAR WHEELS 
CD-82-12864 

Figure 2 - Chrysler Corporation sixth  generation  gas-turbine engine. (Temperatures are  in 
degrees Fahrenheit. From ref. 1Q 1 
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s i n g l e - s t a g e   c e n t r i f u g a l   c o m p r e s s o r ,  a c o m p r e s s o r   t u r b i n e ,   v a r i a b l e   p o w e r  
t u r b i n e   n o z z l e   v a n e s ,  a power   tu rb ine ,  two r e g e n e r a t o r s ,   a n d  a h e l i c a l  
r e d u c t i o n   g e a r s e t .  Some g e n e r a l   d e s c r i p t i v e   d a t a   o f   t h e   e n g i n e   u s e d   i n  
t h e s e  tests a re  g i v e n   i n   t a b l e  I. Correc ted   engine   ou tput   power   and   to rque  
p e r f o r m a n c e   c u r v e s ,   b a s e d   o n   d a t a   t a k e n  by Chrys le r   Corp . ,  are shown i n  
f i g u r e  3. T h e   c o n s t a n t   g a s   g e n e r a t o r   s p e e d   l i n e s  shown i n   f i g u r e  3 are 
r o u g h l y   e q u i v a l e n t   t o  a c o n s t a n t   t h r o t t l e   s e t t i n g .  The d a t a  are  p r e s e n t e d  
in   " co r rec t ed"   fo rm,   wh ich  i s  based   on   eng ine   ope ra t ion  a t  sea level under  
s t anda rd   ambien t   cond i t ions   o f   302  K (85" F) and  101  kPa  (29.92  in. Hg) 
( r e f .  8) .  A d d i t i o n a l   e n g i n e   d e t a i l s   c a n   b e   f o u n d   i n   r e f e r e n c e   9 .  

T e s t  Drive 

T h e   f i x e d - r a t i o ,   m u l t i r o l l e r ,   s p e e d   r e d u c t i o n   t r a c t i o n   d r i v e   u s e d   i n  
t h i s   i n v e s t i g a t i o n  was d e s i g n e d   t o   o p e r a t e   o v e r   t h e   s p e e d   a n d   p o w e r   r a n g e   o f  
t h e   g a s   t u r b i n e   e n g i n e ,   w i t h   a n   i n p u t   t o r q u e  l i m i t  o f   4 2  N-m (375   i n - lb f ) .  
The d r i v e   c o n f i g u r a t i o n  was i d e n t i c a l   t o   t h e   o n e   r e p o r t e d   i n   d e t a i l   i n  
r e f e r e n c e  2. I t  h a d   s p e e d   r a t i o s   b e t w e e n   t h e   s u n   r o l l e r   a n d   f i r s t  
p l a n e t - r o l l e r   r o w ,   b e t w e e n   t h e   f i r s t   a n d   s e c o n d   p l a n e t - r o l l e r   r o w s ,   a n d  
be tween   t he   s econd   p l ane t - ro l l e r  row  and t h e   r i n g   r o l l e r   o f   1 . 2 1 ,   3 . 9 4 ,   a n d  
2 . 9 3 ,   r e s p e c t i v e l y ,   f o r  a n o m i n a l   d t i v e   r a t i o   o f  14. T h e   d r i v e  was equipped 
w i t h   a n   a u t o m a t i c   r o l l e r   l o a d i n g   m e c h a n i s m   i n c o r p o r a t e d   i n t o   t h e   s p l i n e d  
h igh - speed   coup l ing   on   t he   sun - ro l l e r   i npu t   sha f t .   Th i s   mechan i sm  ad jus t ed  
t h e   n o r m a l   c o n t a c t   l o a d   b e t w e e n   t h e   r o l l e r s   i n   p r o p o r t i o n   t o   t h e   t r a n s m i t t e d  
to rque .  The t o r q u e - r e s p o n s i v e   l o a d i n g   m e c h a n i s m   i n s u r e d   t h a t   s u f f i c i e n t  
normal   load was a p p l i e d   u n d e r  a l l  c o n d i t i o n s   t o   p r e v e n t   s l i p   w i t h o u t  
o v e r l o a d i n g   t h e   c o n t a c t s  a t  l i g h t   l o a d s .  The  mechanism was d e s i g n e d   t o  
o p e r a t e  a t  a c o n s t a n t   t r a c t i o n   c o e f f i c i e n t   v a l u e   o f   0 . 0 5 ,   a b o v e  some 
p r e s e l e c t e d  minimum l o a d   s e t t i n g .   I f   r e q u i r e d ,  a c o n s t a n t   l e v e l   o f   r o l l e r  
n o r m a l   l o a d s   c o u l d   a l s o   b e   a p p l i e d  by locking  the  mechanism.  

(CVM) SAE-9310 s t ee l  c a s e   c a r b u r i z e d   t o  a Rockwel l -C  hardness   o f   60   to   62 .  
The s u n   r o l l e r  was made from CVM N i t r a l l o y  135" s tee l  n i t r i d e d   t o  a similar 
h a r d n e s s .   N i t r a l l o y  was u s e d   f o r   t h e   s u n   r o l l e r   b e c a u s e   o f   t h e   i n t e r n a l  
s p l i n e   r e q u i r e m e n t s .   T h e   r o l l e r  c l u s t e r  was approx ima te ly  210 mm ( 8 . 3   i n . )  
i n   d i ame te r   and   60  mm (2.4  in.)   wide  and  weighed  74.5 N ( 1 6 . 8   l b f ) .  

T h e   1 4 : l   r a t i o  t es t  d r i v e  was r e t r o f i t t e d   i n t o   t h e  power t u r b i n e  
h o u s i n g   i n   p l a c e   o f   t h e   e n g i n e ' s   s t o c k   9 . 6 9 : l   r a t i o   h e l i c a l   g e a r s e t .   T h e  
c o n c e n t r i c   t r a c t i o n   d r i v e   e l i m i n a t e d   t h e  14-cm ( 5 . 5 3 - i n . )   o f f s e t   b e t w e e n   t h e  
r o t o r   a n d   o u t p u t   s h a f t   w i t h   t h e   h e l i c a l   g e a r   r e d u c e r .  A c r o s s   s e c t i o n   o f  
t h e   t r a c t i o n   d r i v e   i n t e g r a t e d   i n t o   t h e   e n g i n e ' s  power t u r b i n e   h o u s i n g  
assembly i s  shown i n   f i g u r e  4 a n d   a n   e x t e r n a l   v i e w   i n   f i g u r e   5 .  Removal o f  
t h e  gears a n d   a t t a c h m e n t   o f   t h e   s u n   r o l l e r   t o   t h e  power t u r b i n e   s h a f t  
r e q u i r e d   c h a n g e s   t o   t h e   p o w e r - t u r b i n e - s h a f t   s u p p o r t   b e a r i n g s .   I n   t h e   s t o c k  
e n g i n e ,   t h r e e   r a d i a l   a n d   o n e   t h r u s t   f l u i d - f i l m   b e a r i n g   s u p p o r t e d   t h e   s h a f t  
a n d   r e a c t e d   t h e   r o t o r   t h r u s t   a n d   g e a r   f o r c e s .   T h e   s e l f - s u p p o r t i n g   s u n  
r o l l e r   o f   t h e   t r a c t i o n   d r i v e   e l i m i n a t e d   t h e   g e a r   s e p a r a t i n g   f o r c e s ,   w h i c h  
no rma l ly  are c a r r i e d   b y  a p a i r   o f   f l u i d - f i l m   b e a r i n g s   t h a t   s t r a d d l e   t h e  
pinion.   The rear set  o f   f l u i d - f i l m   b e a r i n g s  was r e p l a c e d  by a s i n g l e  
25 -m-d ia rne te r -bo re ,   sp l i t - i nne r - r ace ,   angu la r - con tac t   ba l l   bea r ing   moun ted  
i n   a n   a d a p t e r   b l o c k .  A f l e x i b l e   s p l i n e   c o u p l n g  was d e s i g n e d   t o   c o n n e c t   t h e  
s u n   r o l l e r   t o   t h e  p o w e r   t u r b i n e   s h a f t .   T h e   a n g u l a r - c o n t a c t   b a l l   b e a r i n g  
h e l p e d   s u p p o r t   t h e   r o t o r - c o u p l i n g   a s s e m b l y   w e i g h t   o f  31 N (7 l b f )   a n d   a l s o  
r e a c t e d   t h e   r o t o r   t h r u s t ,   w h i c h   r e a c h e d  a maximum o f  364 N (82   1b f )  a t  f u l l  

The r i n g   a n d   p l a n e t   r o l l e r s  were fabricated  from  consumable-vacuum-melted 
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TABLE I .  - ENGINE SPECIFICATIONS 
~ 

Model . . . . . . . . . . . . . . . . . . . .  
Number . . . . . . . . . . . . . . . . . . . .  
Maximum power,  hp . . . . . . . . . .  150 a t  
Des ign  pressure  rat io  . . . . . . . . . . . .  
D e s i g n   a i r f l o w ,   l b / s e c  . . . . . . . . . . . .  
Compressor  speed (maximum), rpm . . . . . . .  
Power turb ine   speed  (maximum), rpm . . . . . .  
Reduction  gear rat io  . . . . . . . . . . . . .  

' T  

.i 75 

A- 128- 1 
401-403 
3500 rpm . . 4.1 . . 2.29 . 44  610 . 45 500 . 9.6875 

Corrected  gas 
generator speed, 
percent of design 

/- 
/ 

- 95 

5wr 
(a) Output paver as  a function of output speed. 

I I I I 
0 500 loo0 1500 m 2500 3500 m 4500 5000 

Corrected output speed, q, rpm 

(b) Output toque as  a function of output speed. 

Figure 3. - Automotive  gas turbine engine  output  characteristics with original  helical  gear speed reducer, based 
on Chrysler Corp.  data, corrected  to  standard  sea-level  conditions. 
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Figure 4 - Installation of the Nasvytis traction drive with p w e r  turbine assembly. 

Figure 5. - Paver  turbine assembly. (Traction drive case shavn on rear of 
housing. 1 
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power .   The   s ing le   f l u id - f i lm   bea r ing   beh ind   t he   power   t u rb ine  was 
re t a ined .   The   ro to r - coup l ing   a s sembly  was d y n a m i c a l l y   b a l a n c e d   t o   w i t h i n  
0.08 g-cm (0.0015  oz-in) a t  t h e s e  two b e a r i n g   p l a n e s .  

c o m p r e s s o r   ( g a s   g e n e r a t o r )   s h a f t .   T h e   l u b r i c a n t   n o r m a l l y   u s e d  was a n  
au tomot ive   au tomat i c   t r ansmiss ion   f l u id .   Eng ine   l ub r i can t   i n   t he   power  
tu rb ine   a s sembly  was r e p l a c e d   w i t h  a s y n t h e t i c   c y c l o a l i p h a t i c   t r a c t i o n   f l u i d  
t h a t   h a d  a s i g n i f i c a n t l y   h i g h e r   c o e f f i c i e n t   o f   t r a c t i o n .  I ts  p r o p e r t i e s  are 
l i s t e d   i n   t a b l e  11. L u b r i c a t i n g   n o t   o n l y   t h e   t r a c t i o n   d r i v e   b u t   a l s o   t h e  
power t u r b i n e   s u p p o r t   b e a r i n g s   e l i m i n a t e d  a p o t e n t i a l   s e a l i n g   p r o b l e m .   T h e  
e f f e c t   o f   t h e   l u b r i c a n t   c h a n g e  on t h e   r e m a i n i n g   f l u i d - f i l m   b e a r i n g  was 
j u d g e d   t o   b e   i n s i g n i f i c a n t   b e c a u s e   o f   t h e   s i m i l a r i t y   i n   t h e   k i n e m a t i c  
v i s c o s i t i e s   o f   t h e   a u t o m a t i c   t r a n s m i s s i o n   f l u i d   ( 7 . 0 ~ 1 0 - ~  m2/sec a t  372 K) 
and  the  t es t  t r a c t i o n   l u b r i c a n t   ( 5 . 5 ~ 1 0 - ~  m2/sec a t  372 K). 

The b a s e l i n e   g a s   t u r b i n e   e n g i n e  was l u b r i c a t e d   b y  a pump d r i v e n   o f f   t h e  

Test  S tand  

The NASA a u t o m o t i v e   g a s   t u r b i n e  tes t  s t a n d   u s e d   i n   t h i s   i n v e s t i g a t i o n  
pe rmi t s   s t eady- s t a t e   pa rame t r i c   t e s t ing   and   pe r fo rmance   mapp ing   w i th   an  
eddy-current  dynamometer  power  absorber.  The t es t  e n g i n e   i n s t a l l e d  on t h e  
s t a n d  is  shown i n   f i g u r e  6 .  The t r a c t i o n   d r i v e   h o u s i n g   a n d  two l a r g e  
e x h a u s t   d u c t s   t h a t   s t r a d d l e   t h e   e n g i n e  a re  v i s i b l e .   I n t a k e  a i r ,  an   exhaus t  
d u c t   s y s t e m ,   a n   o i l   c o o l e r ,  a s t a r t i n g   b a t t e r y ,   a n d  a m u l t i p l e - f u e l   s y s t e m  
are  p rov ided .   Eng ine   ou tpu t  i s  d i r e c t l y   c o n n e c t e d   v i a  a d r i v e   s h a f t   t o   t h e  
power   absorber .   Output   to rque  i s  measured  with a t o r q u e  arm and a l o a d   c e l l  
on  the  cradled  dynamometer .   Speed i s  de te rmined  by a magnet ic   p ickup on a 
too thed   wheel .  Gas t u r b i n e   e n g i n e   i n s t r u m e n t a t i o n  i s  d e s i g n e d   f o r  
measurement of s p e c i f i c   f u e l   c o n s u m p t i o n   a n d   e n g i n e   o p e r a t i o n a l   t e m p e r a t u r e  
a n d   p r e s s u r e   d a t a .   T h e   t r a c t i o n   d r i v e   l u b r i c a t i o n   s y s t e m   c o n s i s t e d   o f  a 
0.019-m (5-gal lon)   sump,  a p r e s s u r e  pump, a n  oil h e a t e r   a n d   c o o l e r ,  a 
3-?m a b s o l u t e   s u p p l y   l i n e   f i l t e r ,   s e p a r a t e   f l o w   c o n t r o l   v a l v e s   f o r   t h e  
t r a c t i o n   d r i v e   i n l e t   a n d   t h e   p o w e r   t u r b i n e   b e a r i n g s   i n l e t ,   a n d  two scavenge 
pumps t o   k e e p   t h e   d r i v e   h o u s i n g   a n d   t h e   p o w e r   t u r b i n e   h o u s i n g   r e l a t i v e l y   d r y .  

Power l o s s e s   f r o m   t h e   t r a c t i o n   d r i v e   a n d   t h e   p o w e r   t u r b i n e   b e a r i n g s  
were each   de te rmined   approximate ly  by a h e a t   b a l a n c e   t e c h n i q u e .  Tempera- 
t u re s  o f   t h e   o i l   i n l e t   a n d   o u t l e t  streams of   bo th   the   power- turb ine-shaf t  
b e a r i n g s   a n d   t h e   t r a c t i o n   d r i v e  were r e c o r d e d .   I n p u t   o i l   t e m p e r a t u r e s  were 
m a i n t a i n e d   c o n s t a n t  by a u t o m a t i c   c o n t r o l .   L u b r i c a t i o n   f l o w  rates were 
measured by turb ine   f lowmeters .   Speeds  were a c c u r a t e l y   m e a s u r e d   t o   o n e   p a r t  
i n   t e n   t h o u s a n d   w i t h  a proximity  probe  and  magnet ic   pickups  on  the  power 
t u r b i n e   a n d   d r i v e   o u t p u t   s h a f t s .   T h i s   a l l o w e d   a c c u r a t e   m e a s u r e m e n t   o f   c r e e p  
and i t s  e f f e c t  on t h e   o v e r a l l   d r i v e   r a t i o .   C r e e p  i s  t h e   s l i g h t   i n h e r e n t  
r e l a t i v e   m o t i o n   b e t w e e n   d r i v i n g   a n d   d r i v e n   r o l l e r s   i n  a t r a c t i o n   d r i v e   u n d e r  
t o r q u e   t r a n s f e r .  Details o f   t h e   c r e e p   c a l c u l a t i o n   c a n   b e   f o u n d   i n   r e f e r -  
ence 1. 

C r i t i c a l  component   temperatures  were meas.ured  by  thermocouples. Sun 
r o l l e r   t e m p e r a t u r e s   i n   t h e  t e s t  d r i v e  were o b t a i n e d   a p p r o x i m a t e l y   w i t h  a 
thermocouple   junc t ion   p laced  3 mm (0.1 i n . )   f r o m   t h e   r o l l e r   s u r f a c e .  
Thermocouples   inbedded  in   copper   plugs were u s e d   t o   m e a s u r e   t h e   i n n e r  race 
t e m p e r a t u r e s   o f   t h e   s e c o n d  row o f   p l a n e t   b e a r i n g s   a n d   t h e   o u t e r  race 
t e m p e r a t u r e s   o f   t h e   o u t p u t - s h a f t   d o u b l e - r o w   b a l l   b e a r i n g   a n d   t h e  
power- turb ine-shaf t   angular -contac t   ba l l   bear ing .   S imi la r   thermocouple  
p l u g s  were p l a c e d   i n s i d e   t h e  cas t  power t u r b i n e   h o u s i n g   i n   c o n t a c t   w i t h   t h e  

3 
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TABLE 11. - PROPERTIES OF  SYNTHETIC  CYCLOALIPHATIC  TRACTION  LUBRICANT 
r--- ~ 1 

A d d i t i v e s  . . . . . . . . . . .  A n t i w e a r a ;   o x i d a t i o n   i n h i b i t o r ;   a n t i f o a m -  L v i s c o s i t y   i n d e x   i m p r o v e r  
K i n e m a t i c   v i s c o s i t y ,  cm2/sec, a t -  

244 K (-20' F)  . . . . . . . . . . . . . . . . . . . . . . .  41 5 0 0 ~ 1 0 - ~  
311 K (looo F )  . . . . . . . . . . . . . . . . . . . . . . . . .  3 4 ~ 1 0 - ~  
372 K (210O F )  . . . . . . . . . . . . . . . . . . . . . . . . .  5 . 6 ~ 1 0 - ~  

F l a s h p o i n t ,  K;  OF . . . . . . . . . . . . . . . . . . . . . . . .  435;  325 
F i r e   p o i n t ,  K; OF . . . . . . . . . . . . . . . . . . . . . . . .  447; 345 
A u t o i g n i t i o n   t e m p e r a t u r e ,  K; OF . . . . . . . . . . . . . . . . .  600;  620 
P o u r   p o i n t ,  K; OF . . . . . . . . . . . . . . . . . . . . . . . .  236;  -35 
S p e c i f i c   h e a t  a t  311 K (100' F ) ,  J/kg-K;  Btu/lb-OF . . . . . . .  2130; 0.51 

Btu/hr-ft-OF . . . . . . . . . . . . . . . . . . . . . . . .  0.10; 0.060 
S p e c i f i c   g r a v i t y  a t  311 K (100' F )  . . . . . . . . . . . . . . . . .  0.889 

Therma l   conduc t iv i ty  a t  311 K (100 '   F) ,  J/m-sec-K; 

- "~ ~ ". . .  

a Z i n c   d i a l k y l   d i t h l o p h o s p h a t e .  
bPo lymethac ry la t e .  

Figure 6. - Traction-drive-equipped engine on NASA engine test stand. 

power - tu rb ine - sha f t   j ou rna l   bea r ing   s l eeve   and   t he   ca rbon-buf fe r - sea l  
s u p p o r t   h o u s i n g .   T e s t   d r i v e   o u t s i d e   s k i n   t e m p e r a t u r e s  were a l s o   m e a s u r e d .  

eddy-cur ren t   p roximi ty   p robe  w a s  u s e d   t o   m o n i t o r   s u n - r o l l e r   a x i a l   p o s i t i o n .  
T u r b i n e   s h a f t   r o t o r   d y n a m i c s  were sensed  by o r t h o g o n a l ,   r a d i a l   p r o x i m i t y  
p robes  a t  t h r e e   l o c a t i o n s   ( b e t w e e n   t h e   j o u r n a l   b e a r i n g   a n d   b u f f e r  sea l ,  n e a r  
t h e   c e n t e r   o f   t h e   s h a f t ,   a n d   o n   t h e  maximum d i a m e t e r   o f   t h e   c o u p l i n g )   a n d  
were m o n i t o r e d   b y   u s i n g   a n   o s c i l l o s c o p e .  

To d e t e r m i n e   t h e   e f f e c t i v e n e s s   o f   t h e   r o l l e r   l o a d i n g   m e c h a n i s m ,   a n  
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T h e   a u t o m a t i c   d a t a   a c q u i s i t i o n   a n d  re t r ieva l  s y s t e m   c o l l e c t e d  
t e m p e r a t u r e ,   p r e s s u r e ,   f l o w ,   s p e e d ,   a n d   t o r q u e   d a t a   f r o m   t h e   g a s   t u r b i n e  
e n g i n e   a n d   t r a c t i o n   d r i v e .  A t  e a c h   o p e r a t i n g   p o i n t   w h e r e   d a t a  were 
r e c o r d e d ,   f i v e   r e a d i n g s  were t aken   ove r  a p e r i o d   o f   s e v e r a l   s e c o n d s   a n d   t h e n  
ave raged .  

T e s t   P r o c e d u r e  

A s p i n  test  was c o n d u c t e d   t o   c h e c k   o u t   t h e   i n t e g r a t e d   t r a c t i o n   d r i v e  
a n d   m o d i f i e d   t u r b i n e   s h a f t   s u p p o r t   s y s t e m   a s s e m b l y   a n d   t o   i s o l a t e   a n y   r o t o r  
dynamics   p roblems  before   commit t ing   the  tes t  h a r d w a r e   t o   t h e   e n g i n e  c e l l .  
The r o t o r   a n d   t h e   p o w e r   t u r b i n e   h o u s i n g   c o n t a i n i n g   t h e   d r i v e  were mounted i n  
open a i r  a n d   d r i v e n   b a c k w a r d   f r o m   t h e   l o w - s p e e d   o u t p u t   s h a f t   t o   r o t o r   s p e e d s  
of   21 000 rpm and  power   l eve ls   o f  15 kW ( 2 0   h p ) .   D u r i n g   t h i s  t e s t  t h e  
a u t o m a t i c   r o l l e r   l o a d i n g   m e c h a n i s m  was locked   ou t   and  a c o n s t a n t   p r e l o a d  
e q u a l   t o   a p p r o x i m a t e l y  76 p e r c e n t   o f   t h e   d e s i g n  maximum was s e t .  

Upon s u c c e s s f u l   c o m p l e t i o n   o f   t h e   c h e c k o u t   s p i n  tes ts ,  two series o f  
p a r a m e t r i c  t es t s  o f   t h e   g a s   t u r b i n e   e n g i n e  - t r a c t i o n   d r i v e   a s s e m b l y  were 
run   on   the   engine   dynamometer   s tand:  a f i x e d - p r e l o a d  t e s t  series where   the  
r o l l e r   l o a d i n g   m e c h a n i s m  was locked a t  a c o n s t a n t   ( n e a r  maximum) r o l l e r  
normal   load  and a v a r i a b l e - r o l l e r - l o a d  t es t  se r ies .  The t e s t i n g   s e q u e n c e  
was t o   m a i n t a i n  a cons t an t   (dynamomete r   con t ro l l ed )   ou tpu t   speed   and   t hen  
t o   i n c r e a s e   t o r q u e   i n   s t e p w i s e   m a n n e r   b y   a d j u s t i n g   t h e   e n g i n e   t h r o t t l e  
s e t t i n g .  To i n s u r e   s t e a d y - s t a t e   c o n d i t i o n s   i n   t h e   e n g i n e   a n d   d r i v e ,   1 0  to 
15 m i n u t e s   o f   r u n n i n g  was a l l o w e d   a f t e r   s p e e d   c h a n g e s   a n d  5 to 10   minu te s  
a f t e r   t o r q u e   c h a n g e s   b e f o r e  a d a t a   p o i n t  was recorded .   The   range   of  
o p e r a t i n g   p o i n t s   f o r   t h e   e n g i n e   w i t h   t r a c t i o n   d r i v e  was somewhat l i m i t e d  by 
t h e  tes t  s t a n d .   S i n c e   t h e   e n g i n e  test  c e l l  dynamometer was i n i t i a l l y   s i z e d  
f o r   t h e   g a s   t u r b i n e   e n g i n e   w i t h  i t s  o r i g i n a l   h e l i c a l   g e a r s e t   r e d u c e r ,  
s u b s t i t u t i o n   o f   t h e   t r a c t i o n   r e d u c e r   w i t h  a 45 p e r c e n t   g r e a t e r   s p e e d  
r e d u c t i o n   r a t i o   r e s u l t e d   i n   o u t p u t   t o r q u e s  a t  l o w   s p e e d s   t h a t   e x c e e d e d   t h e  
torque  capaci ty   of   the   dynamometer .   Thus some of   the   h igh- torque ,   low-speed  
e n g i n e   o p e r a t i n g   p o i n t s   c o u l d   n o t   b e   o b t a i n e d   w i t h   t h e   e x i s t i n g   s y s t e m .  

The  f ixed-preload t e s t  was c o n d u c t e d   t o   c h e c k   o u t   t h e   e n g i n e   d r i v e  
i n t e r a c t i o n s   w i t h  a s i m p l i f i e d   ( n o   l o a d i n g   m e c h a n i s m )   t r a c t i o n   d r i v e  
system. On the   bas i s   o f   back - to -back   s t and  tes ts  o f   t he   d r ive   componen t s  
( r e f .   2 )   t h e   c o n s t a n t   p r e l o a d  was set  a t  7 6   p e r c e n t   o f   t h e  maximum p o s s i b l e  
r o l l e r   l o a d ,   a n d   t h e  maximum t o r q u e   a l l o w e d   i n   t h i s  t es t  was chosen 
a c c o r d i n g l y .   T h e   t o t a l   l u b r i c a n t   f l o w  ra te  t o   t h e   t r a c t i o n   d r i v e  was set  a t  
0.13 l i t e r / s ec  ( 2 . 0   g a l l o n / m i n ) ,   a n d   t h e   p o w e r   t u r b i n e   j o u r n a l   a n d   b a l l  
b e a r i n g s   r e c e i v e d   0 . 0 4  l i ter /sec (0 .6   ga l lon /min ) .   The   i n l e t   t empera tu res  
on  both streams were 328 K (130' F). Maximum ou tpu t   t o rques   o f   407 ,   373 ,  
407,  and  244 N-m (3600,   3300,   3600,   2160  in- lbf)  were a c h i e v e d  a t  o u t p u t  
s h a f t   s p e e d s  of 800, 1600,   2400,   and  3150  rpm,  respect ively.  

A f t e r  a s u c c e s s f u l   f i x e d - p r e l o a d  t es t  t h e   r o l l e r   l o a d i n g   m e c h a n i s m  was 
r e a c t i v a t e d .  Minimum r o l l e r   l c a d  was se t  a t  27 p e r c e n t   o f  maximum i n   o r d e r  
t o   i n s u r e   p o s i t i v e   r o l l e r   c o n t a c t  a t  l i g h t   l o a d s   a n d   h i g h   s p e e d s .   T h e  
l u b r i c a n t   f l o w  rates  were t h e  same as i n   t h e   f i x e d - p r e l o a d  t es t s .  L u b r i c a n t  
i n l e t   t e m p e r a t u r e s  were s e t  a t  339 K (150" F). Maximum o u t p u t   t o r q u e s   o f  
407,   475,   407,   and  271 N-m (3600,   4200,   3600,   2400  in- lbf)  were reached  a t  
ou tpu t   sha f t   speeds   o f   800 ,   1600 ,   2400 ,   and  3150 rpm, r e s p e c t i v e l y .  

r e i n s t a l l e d   f o r   c o m p a r i s o n .  To make a reasonable   per formance   compar ison ,  
tes t  p o i n t s   f o r   t h e   g e a r s e t  tes t  were c h o s e n   t o   c o r r e s p o n d   t o   t h e  same gas  

A se t  o f  tests was run on t h e   e n g i n e   w i t h   t h e   o r i g i n a l   h e l i c a l   g e a r s e t  
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gene ra to r   speed   and   power   t u rb ine   speed   po in t s   r eco rded   du r ing   t he  
v a r i a b l e - r o l l e r - l o a d   p a r a m e t r i c  tests. For a l l  tests t h e   e n g i n e   o i l   i n l e t  
t empera tu re  was 339 K (150O F ) .  

RESULTS AND DISCUSSION 

T r a c t i o n  Drive Performance 

The   d r ive   and   power   t u rb ine   ro to r   a s sembly   sp in  t es t  was n o t   i n t e n d e d  
t o   p r o d u c e   s t e a d y - s t a t e   t e m p e r a t u r e   d a t a .  C r i t i ca l  t empera tu res  were 
moni tored ,   however ,   and   genera l ly  showed a g r a d u a l   i n c r e a s e   w i t h   s p e e d .  
Or thogona l   p rox imi ty   p robes   l oca t ed   on   t he   t u rb ine   ro to r   be tween   t he   bu f fe r  
seal  a n d   t h e   f l u i d - f i l m   b e a r i n g   m e a s u r e d  a maximum t o t a l   r u n o u t   o f   0 . 0 3 8  mm 
(0.0015  in . )  a t  low speed.  A t  h ighe r   speeds ,   above  8000 rpm, t h e  maximum 
was 0.025 mm ( 0 . 0 0 1   i n . )   e x c e p t   n e a r  10 000 rpm,   where   t he   o sc i l l o scope  
i n d i c a t e d   a n   e x c u r s i o n   o f   0 . 0 4 5  mm (0 .0018  in . ) .   This   runout  was w i t h i n   t h e  
s t a t i c  d i a m e t r a l   c l e a r a n c e   i n   t h e   j o u r n a l   b e a r i n g ,   w h i c h  w a s  measu red   p r io r  
t o   t h e  test  to   be   abou t   0 .076  mm (0.003  in .  ). The  excursion a t  10 000 rpln 
q u i c k l y   d i s a p p e a r e d  as speed  was i n c r e a s e d ,   s u g g e s t i n g   t h a t  i t  was a system 
" c r i t i c a l "   t h a t   w o u l d   b e   r e a d i l y   k e p t   i n   c h e c k  by the  damping  provided by 
t h e   f r o n t   j o u r n a l   b e a r i n g .  Maximum c o u p l i n g   r u n o u t  was 0.076 mm 
(0.003  in .  1. S i n c e   t h e   s p i n  t e s t  was s u c c e s s f u l ,   n o   c h a n g e s   i n   t h e  t es t  
hardware were n e c e s s a r y .  

t r a c t i o n   d r i v e   a n d   t h e   p o w e r - t u r b i n e - s h a f t   b e a r i n g s  is  shown i n   f i g u r e  7 f o r  
t h e  two p a r a m e t r i c   e n g i n e   d r i v e  tes t  series.  A s  s t a t e d  ea r l i e r  i n   t h i s  
r e p o r t   t h e  power l o s s  is based   on   t he   amoun t   o f   hea t   r e j ec t ed   t o   t he  
l u b r i c a n t  as de termined   by  a h e a t   b a l a n c e   o f   e a c h   i n l e t   a n d   o u t l e t   o i l  
stream. T h i s   h e a t   b a l a n c e   t e c h n i q u e  i s  c o n s i d e r e d   t o   g i v e   a p p r o x i m a t e  
r e s u l t s .  No a t t e m p t  was made t o   q u a n t i f y   t h e   h e a t   c o n v e c t e d   t o   t h e  
a t m o s p h e r e   t h r o u g h   t h e   d r i v e   c a s t i n g   o r   t h a t   t o   t h e   l u b r i c a n t   f r o m   t h e   h o t  
e n g i n e   c o m p o n e n t s   o r   t h e   p o s s i b l e  small  t e m p e r a t u r e  r i s e  d u e   t o   t h r o t t l i n g  
through small  passageways.  

t r a c t i o n   d r i v e  power l o s s  was weakly  dependent   on  torque  and  s t rongly 
d e p e n d e n t   o n   s p e e d .   I n   f i g u r e   7 ( b )   t h e   e f f e c t   o f   s p e e d   o n  power l o s s  w a s  
a l s o   v e r y   s t r o n g   f o r   t h e   v a r i a b l e - r o l l e r - l o a d   o p e r a t i o n ,   b u t   t h e  power l o s s  
i n c r e a s e d  much f a s t e r   w i th   t o rque .   Compar ing   f i gu res   7 (a )   and   (b )   shows  
t h a t   t h e  power l o s s   f o r   t h e   v a r i a b l e - r o l l e r - l o a d   o p e r a t i o n  was s i g n i f i c a n t l y  
less a t  low to rques   because   o f   t he   r educed   ro l l e r   no rma l   l oads .   Th i s  
r e s u l t e d   i n   i m p r o v e d   p a r t - l o a d   e f f i c i e n c y   a n d   e x t e n d e d   f a t i g u e   l i f e .  A t  
h i g h e r   t o r q u e s   t h e   p o w e r   l o s s e s   f o r   b o t h   s y s t e m s   t e n d e d   t o   r e a c h   t h e  same 
l e v e l s  as t h e   r o l l e r   n o r m a l   l o a d s   a p p r o a c h e d  similar v a l u e s .  

Some d i f f e r e n c e s   i n   t h e   a b s o l u t e  power l o s s   l e v e l s   o f   f i g u r e s   7 ( a )   a n d  
(b) were c a u s e d   b y   t h e   d i f f e r e n c e   i n   i n l e t   l u b r i c a n t   t e m p e r a t u r e .   I n i t i a l l y  
i t  was se t  a t  328 K (130'   F) t o  m a x i m i z e   t h e   t r a c t i o n   l u b r i c a n t ' s   a v a i l a b l e  
t r a c t i o n   c o e f f i c i e n t ,   w h i c h  is  known t o   d e c r e a s e   w i t h   t e m p e r a t u r e .   F o r   t h e  
v a r i a b l e - r o l l e r - l o a d  tests,  t h e   i n l e t   t e m p e r a t u r e  was i n c r e a s e d   t o   3 3 9  K 
( 1 5 0 '   F )   i n   o r d e r   t o   r e d u c e   p o w e r   l o s s e s   a n d   t o   p e r m i t   d i r e c t   c o m p a r i s o n  
w i t h   t h e   o r i g i n a l ,   g e a r - e q u i p p e d   e n g i n e ,   w h o s e   o i l   i n l e t   t e m p e r a t u r e  was 
a l s o  339 K ( 1 5 0 "   F ) .   F i g u r e   7 ( b )   s h o w s   t h e   e f f e c t   o f   l u b r i c a n t   i n l e t  
t e m p e r a t u r e  on t r a c t i o n   d r i v e  power   loss  a t  o n e   e n g i n e   c o n d i t i o n  (339-N-m 
(3000- in - lb f )   ou tpu t   t o rque   and  1600-rpm o u t p u t   s p e e d )   d u r i n g   t h e  
v a r i a b l e - r o l l e r - l o a d  tests. Data were t aken   approx ima te ly  7 m i n u t e s   a f t e r  

The   e f fec t   o f   ou tput   speed   and   to rque   on   the   power   losses   o f   the  

F i g u r e   7 ( a )   s h o w s   t h a t ,  when o p e r a t i n g   i n  a f ixed-pre load   mode ,   the  
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Figure 7. - Heat balance p w e r  loss as a function of output  toque  and  output speed. Paver loss calculated  from heat  rejected to 
lubr icant  

t h e   i n l e t   t e m p e r a t u r e  was dropped  from 339 K (150' F)  t o  328 K (130" F)  and 
a l s o   a f t e r   t h e   t e m p e r a t u r e  was r a i s e d  from 328 K (130" F )  t o  350 K (170" F )  
t o   p r o v i d e   s t e a d y - s t a t e   r e a d i n g s   w h i l e   t h e   e n g i n e   o p e r a t i n g   c o n d i t i o n s  were 
h e l d   c o n s t a n t .   H i g h e r   i n l e t   t e m p e r a t u r e s   d e c r e a s e d   t h e   p o w e r   l o s s ,   w h i l e  
l o w e r   i n l e t   t e m p e r a t u r e s   i n c r e a s e d  t h e  power loss. T h i s  is similar t o  many 
o ther   mechanica l   components ,   such  as g e a r s   a n d   b e a r i n g s ,   w h i c h   e x h i b i t  
r e d u c e d   l o s s e s  a t  h i g h e r   o p e r a t i n g   t e m p e r a t u r e s .  

power - tu rb ine - ro to r   suppor t   bea r ings  was r e l a t i v e l y   i n s e n s i t i v e   t o   o u t p u t  
t o r q u e   a n d   a p p r o x i m a t e l y   l i n e a r   w i t h   s p e e d ,   r a n g i n g   f r o m  an ave rage  of 
0.75 kW (1.0  hp) a t  800-rpm o u t p u t   s p e e d   t o  2 . 9  kW ( 3 . 9  hp)  a t  3150 rpm. 
A l t h o u g h   o n l y   t h e   d a t a   f r o m   t h e   v a r a i b l e - r o l l e r - l o a d  tes ts  are shown,  the 

F i g u r e  7 ( c )  shows t h a t   t h e   h e a t   b a l a n c e   p o w e r   l o s s   o f   t h e  
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power - tu rb ine   bea r ing   l o s ses  were n e a r l y   i d e n t i c a l   f o r   t h e   f i x e d - p r e l o a d   a n d  
v a r i a b l e - r o l l e r - l o a d  tests a t  any   g iven   ou tpu t   speed   and   t o rque   cond i t ion .  

E s t i m a t e d   t r a c t i o n   d r i v e   e f f i c i e n c i e s   a n d  power t u r b i n e   b e a r i n g  
e f f i c i e n c i e s   f o r   t h e   f i x e d - p r e l o a d   a n d   v a r i a b l e - r o l l e r - l o a d  test r u n s   a r e  
shown i n   f i g u r e  8. T h e s e   e f f i c i e n c i e s  were c a l c u l a t e d   f r o m   t h e   m e a s u r e d  
o u t p u t   s h a f t  power  and  the  two  heat   balance  power  losses .  A s  would  be 
e x p e c t e d   t h e   e f f i c i e n c y   o f   t h e   f i x e d - p r e l o a d   d r i v e  was lower   t han   t ha t  o f  
t h e   v a r i a b l e - r o l l e r - l o a d   d r i v e  a t  p a r t - l o a d   c o n d i t i o n s ,  as shown i n   f i g u r e  
8 (c ) ,   wh ich  is a c o m p a r i s o n   o f   t h e   d a t a   o f   f i g u r e s   8 ( a )   a n d   ( b ) .   T h e  
e f f i c i e n c i e s   o f   b o t h   s y s t e m s   m e r g e  a t  h i g h e r   t o r q u e s ,   r e a c h i n g  a maximum of  
over  92 p e r c e n t   f o r   e a c h  t es t  series. T h e  b a n d s   o f   t r a c t i o n   d r i v e  
e f f i c i e n c y   r e f l e c t  a very   smal l   dependence  on s p e e d ,   w i t h   t h e   h i g h e r  
e f f i c i e n c i e s   g e n e r a l l y   o c c u r r i n g  a t  low o u t p u t   s p e e d s  a t  a g i v e n   o u t p u t  
t o r q u e .   P o w e r   t u r b i n e   b e a r i n g   e f f i c i e n c y  was v i r t u a l l y   i n d e p e n d e n t   o f  
speed.   Also shown i n   f i g u r e   8 ( c )  is  t h e   a v e r a g e   e f f i c i e n c y  of t h e   t r a c t i o n  
d r i v e   ( a s  a speed   r educe r )   measu red  on the   back-to-back test s t a n d   r e p o r t e d  
i n   r e f e r e n c e  2 ,  ove r   t he   r ange   o f   eng ine  test  s p e e d s .   F a i r l y  good agreement 
was o b t a i n e d   b e t w e e n   t h e   s t a n d - m e a s u r e d   e f f i c i e n c y   a n d   t h a t   d e t e r m i n e d   f r o m  
h e a t   b a l a n c e s  on t h e   l u b r i c a n t   i n   t h e   e n g i n e  tests.  

i s  p r e s e n t e d   i n   f i g u r e  9. Also   inc luded   for   compar ison  are the  back-to-back 
d a t a   ( r e f .  2 )  f r o m   t h e   s u n - l o a d e r   r e d u c e r   d r i v e  a t  2500-rpm ou tpu t   speed .  
The agreement  between  both sets of c r e e p   d a t a  is  w i t h i n  0 . 2  p e r c e n t a g e   p o i n t  
a t  a l l  co r re spond ing  t e s t  s p e e d s   ( n o t  shown i n   f i g .  9 )  excep t  a t  3150-rpm 
o u t p u t   s p e e d ,   w h e r e   t h e   s t a n d   m e a s u r e m e n t s   i n d i c a t e d   a b o u t  0.5 pe rcen tage  
p o i n t   g r e a t e r   c r e e p  ra te  t h a n   t h e   e n g i n e  tes t  d a t a  a t  t h e   h i g h e r   t o r q u e  
l e v e l s .  

T r a c t i o n   f o r c e   v e r s u s   c r e e p  r a t e  c u r v e s   f o r   c o n s t a n t   n o r m a l   l o a d  
g e n e r a l l y   r i s e   l i n e a r l y   w i t h   t r a n s m i t t e d   t o r q u e   u n t i l   t h e  maximum a v a i l a b l e  
t r a c t i o n   c o e f f i c i e n t  of  t h e   l u b r i c a n t  i s  approached.  A t  t h i s   p o i n t   t h e  
c r e e p  ra te  b e g i n s   t o   i n c r e a s e   r a p i d l y .  When t h e  maximum a v a i l a b l e   t r a c t i o n  
c o e f f i c i e n t  i s  r e a c h e d ,   c r e e p   c h a n g e s   t o   i m p e n d i n g   g r o s s   s l i p .  The  upward 
c u r v e d   t r e n d   o f   t h e   f i x e d - p r e l o a d   c r e e p   d a t a   o f   f i g u r e  9 s u g g e s t s   t h a t   t h i s  
c o n d i t i o n  was be ing   approached .  On t h e   o t h e r   h a n d   t h e   v a r i a b l e - r o l l e r - l o a d  
c u r v e s ,   t h o u g h   a t  a somewha t   h ighe r   l eve l   due   t o   l ower   no rma l   l oads ,  showed 
a t e n d e n c y   t o   l e v e l   o f f .   T h i s  i s  i n d i c a t i v e   o f   t h e   r o l l e r   l o a d i n g   m e c h a n i s m  
h o l d i n g  a n e a r l y   c o n s t a n t   t r a c t i o n   c o e f f i c i e n t .  

Creep ra te  r e p r e s e n t s  a l o s s   i n   s p e e d   a n d   t h u s  a power l o s s .  The lower 
c r e e p   r a t e   o f   a b o u t  0.6 p e r c e n t a g e   p o i n t   a s s o c i a t e d   w i t h   f i x e d - p r e l o a d  
o p e r a t i o n  was d u e   t o   t h e   h i g h e r   r o l l e r   n o r m a l   l o a d s .   T h i s   l o w e r e d   t h e  
a p p l i e d   t r a c t i o n   c o e f f i c i e n t  so t h a t   t h e   r e s u l t i n g   c r e e p  ra te  was r e l a t i v e l y  
small .   However,  as m e n t i o n e d   p r e v i o u s l y ,   t h e   o v e r a l l   e f f i c i e n c y  was 
i n f e r i o r   t o   t h a t   o f   v a r i a b l e - r o l l e r - l o a d   o p e r a t i o n   ( f i g .  8) because   o f  
t h e   l o s s e s   a s s o c i a t e d   w i t h   c o n t a c t   o v e r l o a d i n g .   A l s o ,   t h e   c r e e p  ra te  i n  
f i g u r e  9 a t  a g iven   t o rque  w a s  l owes t   fo r   t he   l owes t   ou tpu t   speed   unde r  
e i t h e r   f i x e d   o r   v a r i a b l e   l o a d i n g .   T h e   r e a s o n  was t h e   d e l e t e r i o u s   e f f e c t   o f  
t r a c t i o n  element s u r f a c e   s p e e d  on a v a i l a b l e   l u b r i c a n t   t r a c t i o n   c o e f f i c i e n t  
a n d   c r e e p   r a t e  a t  a g i v e n   l o a d .   T h i s   h e l p s   t o   e x p l a i n  why t h e   d r i v e  
e x h i b i t e d   g r e a t e r   e f f i c i e n c y  a t  t h e   l o w e r   o p e r a t i n g   s p e e d s   i n   t h e   e f f i c i e n c y  
b a n d s   o f   f i g u r e  8. 

moni tored  by a p rox imi ty   p robe  is  shown i n   f i g u r e   1 0 .  In t h i s   d r i v e ,  as t h e  
t a p e r e d   s u n - r o l l e r   h a l v e s  moved t o g e t h e r ,   t h e   n o r m a l   l o a d   o n   t h e   r o l l e r  
c luster  was co r re spond ing ly   i nc reased .   Dur ing   t he   va r i ab le - ro l l e r - load  
test ,  as shown i n   f i g u r e   1 0 ,   t h e   s u n - r o l l e r   h a l v e s  moved  inward   toge ther   in  

The e f f e c t   o f   o p e r a t i n g   t o r q u e   a n d   s p e e d  on t r a c t i o n   d r i v e   c r e e p  ra te  

T h e   a x i a l   p o s i t i o n   o f   o n e   s i d e   o f   t h e   t w o - p i e c e   s u n   r o l l e r   a s s e m b l y  as 
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a n e a r l y   l i n e a r   f a s h i o n   w i t h   i n c r e a s i n g   t o r q u e ,   i n d i c a t i n g   s a t i s f a c t o r y  
r o l l e r   l o a d i n g   a c t i o n .   B e c a u s e   o f   c e n t r i f u g a l   f o r c e   e f f e c t s  on the   l oad ing  
ba l l s ,   an   increase   in   speed   caused  a s l i g h t   i n c r e a s e   i n   i n i t i a l   p r e l o a d .  
The  loading  mechanisms on both  the  speed  increaser   and  reducer   sun-loading 
back-to-back test s t a n d   u n i t s  showed similar behavior .  

increased   wi th   an   increase   in   opera t ing   speed ,  as shown i n   f i g u r e  11. 
Genera l ly   the   opera t ing   tempera ture  r i se  above   t he   l ub r i can t   i n l e t  
temperature was g rea t e r   i n   t he   f i xed -p re load  tes t  than   i n   t he  
va r i ab le - ro l l e r - load  test .  The sun- ro l l e r  temperature, as   measured by a 
thermocouple   near   the  surface,  was t h e   h i g h e s t   i n   t h e   d r i v e .  Tests on t h e  
back- to-back   s tand   ind ica te   tha t   th i s   approximate   sun- ro l le r   t empera ture  
t ended   t o   f l uc tua te  much more than   t ha t   o f   t he   o the r  components.  Sun-roller 
tempera tures   for   bo th   the   f ixed-pre load   and   var iab le- ro l le r - load  tests never  
exceeded  42 K (76O F) above   t he   r e spec t ive   l ub r i can t   i n l e t   t empera tu re .  
T r a c t i o n   d r i v e  component temperatures  were ve ry   c lose   t o   t hose  from t h e  
back-to-back s t a n d   d a t a   ( r e f .  2). Power turb ine   bear ing  temperatures a l s o  
increased  with  speed.   Fixed-preload  readings  in  terms of  temperature rise 
above   lubr icant   in le t   t empera ture  were s l igh t ly   h ighe r   t han   co r re spond ing  
va r i ab le - ro l l e r - load   r ead ings .  

In   genera l   the   Nasvyt i s   d r ive   demonst ra ted   opera t iona l   compat ib i l i ty  
with  the  gas   turbine  engine  and smooth  performance  throughout  the  engine's  
torque  and  speed  range.   Orthogonal ,   radial   proximity  probes showed t h a t   t h e  
coupled   ro tor - t rac t ion   dr ive  sys t em was r easonab ly   s t ab le  from eng ine   i d l e  
t o  maximum speed. Maximum coupl ing  runout   reached 0.127 mm (0.005  in.)  a t  
3150 rpm in   t he   va r i ab le - ro l l e r - load  tests. Peak-to-peak  rotor  motion 
measured  near t h e  f ron t   j ou rna l   bea r ing  i s  shown i n   f i g u r e  12 f o r  t h e  
va r i ab le - ro l l e r - load  tests. A hal f - f requency   whi r l  was encountered  while  
changing  output   speed from  2400 rpm t o  3150 rpm a t  approximately  35 000-rpm 
power turb ine   speed .   This  was observed on t he   o sc i l l o scope  as a l i m i t i n g  
o rb i t   cond i t ion   where   t he re  was no fur ther   growth beyond  an e c c e n t r i c i t y   o f  
0.018 mm (0.0007 in . ) .   I n  a l l  ca ses   t he  peak-to-peak  runout was wi th in   t he  
measured s t a t i c  d iamet ra l   c learance   o f   the   f ront   journa l   bear ing .  

A l l  measu red   t empera tu res   o f   t he   ro l l e r   e l emen t s   i n   t he   t r ac t ion   d r ive  
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Figure 12 - Peak-to-peak pwer turbine  rotor motion as a func- 
tion of output toque and  output speed; variable-roller-load 
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Figure 13. - Traction  drive  rollers after Completion of engine testing. 

T o t a l  t es t  s t a n d   o p e r a t i o n a l  t i m e  o f   t h e   t r a c t i o n - d r i v e - e q u i p p e d   e n g i n e  
was 10.2  hours .  Upon comple t ion   o f   t he  tests t h e   d r i v e  was d isassembled   and  
i n s p e c t e d   f o r  wear a n d   s u r f a c e   d i s t r e s s .   F i g u r e  13 shows t h e   s u n ,   r i n g ,   a n d  
t y p i c a l   p l a n e t   r o l l e r s   a f t e r   t h e  tests. The o r i g i n a l   g r i n d i n g   m a r k s  are  
s t i l l  v i s i b l e ,   w i t h   n o   s i g n s  of wear o r   d i s t r e s s .  Some l i g h t ,   c i r c u m f e r e n -  
t i a l  s c r a t c h e s  were evident ,   p resumably   f rom small d e b r i s   p a r t i c l e s .  Such 
s c r a t c h e s  are  commonly found  on r o l l e r s   i n   r o l l e r   b e a r i n g s   a f t e r   t h e  same 
p e r i o d   o f   s e r v i c e .  

Engine  Performance 

F u e l   f l o w   m e a s u r e m e n t s   a n d   s p e c i f i c   f u e l   c o n s u m p t i o n   c a l c u l a t i o n s  were 
made a t  each tes t  p o i n t   i n   b o t h   t h e   t r a c t i o n   d r i v e   a n d  gearset tes ts .  
F i g u r e   1 4   s h o w s   t h e   s p e c i f i c   f u e l   c o n s u m p t i o n   ( s f c )  as a f u n c t i o n   o f   g a s  
gene ra to r   speed   fo r   t h ree   power   t u rb ine   speeds   f rom  the   gea r se t   and  
v a r i a b l e - r o l l e r - l o a d  tests. I n   t h i s   p l o t ,   t h e   v a l u e s   o f   s f c   a n d   g a s  
g e n e r a t o r   s p e e d  a re  c o r r e c t e d   v a l u e s ,   b u t   t h o s e   f o r  power t u r b i n e   s p e e d  a re  
n o t .   A l t h o u g h   t h e   t r a c t i o n   d r i v e   o u t p u t   s p e e d  was dynamometer   cont ro l led ,  
t h e  power t u r b i n e   s p e e d   v a r i e d   s l i g h t l y   w i t h   t o r q u e   b e c a u s e   o f   t h e   v a r i a b l e  
c r e e p  rate.  Thus   the   power   tu rb ine   speeds  shown i n   f i g u r e  14 are  nominal 
speeds .  To make a fa i r   compar ison   of   engine   per formance   be tween  the   engine  
w i t h   t h e   g e a r s e t   a n d   t h a t   w i t h   t h e   t r a c t i o n   d r i v e ,   p o w e r   t u r b i n e   a n d   g a s  
g e n e r a t o r   s p e e d s  were c h o s e n   f o r   t h e   g e a r s e t  tes t  so t h a t   t h e   o p e r a t i n g  
c o n d i t i o n s   o f   t h e   e n g i n e   i t s e l f   ( n o t   i n c l u d i n g   t h e   s p e e d   r e d u c e r )   w o u l d   b e  
e q u i v a l e n t .  

v e r y   c l o s e   t o   t h e   s f c   f o r   t h e   g e a r s e t - e q u i p p e d   e n g i n e .   F o r   m o s t   e n g i n e  
o p e r a t i n g   p o i n t s  a t  23 000- and 35 000-rpm p o w e r   t u r b i n e   s p e e d ,   t h e  
t r a c t i o n - d r i v e - e q u i p p e d   e n g i n e   s f c  was e q u a l   t o   o r  less t h a n   t h e  
g e a r s e t - e q u i p p e d   e n g i n e   s f c .  A t  12 000-rpm  power t u r b i n e   s p e e d ,   a n d  a t  

F i g u r e  14 shows t h a t   t h e   s f c   f o r   t h e   t r a c t i o n - d r i v e - e q u i p p e d   e n g i n e  was 
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Figure 14. - Engine specific fuel  consumption  as a function of gas  gen- 
erator speed and power turbine speed for  engine  with  original  helical 
gearset  and  with  variable-roller-load  traction  drive. 

35  000-rpm  power turb ine   speed   be tween 90 and   100   percent   gas   genera tor  
s p e e d ,   t h e   t r a c t i o n - d r i v e - e q u i p p e d   e n g i n e   s f c   r a n g e d   f r o m  less than  
1 p e r c e n t   t o   1 0   p e r c e n t   g r e a t e r   t h a n   t h a t   o f   t h e   g e a r s e t - e q u i p p e d   e n g i n e .  

a u t o m o t i v e   g a s   t u r b i n e  t e s t  s t a n d  i s  t o   h o l d   g a s   g e n e r a t o r   s p e e d   c o n s t a n t  
a n d   v a r y   o u t p u t   s p e e d ,   t a k i n g   d a t a  a t  numerous   po in ts   inc luding   the  maximum 
power   po in t   fo r   each   gas   gene ra to r   speed .   The   cu rves   i n   f i gu re  3 were 
p r o d u c e d   i n   t h i s  way .  By u s i n g   t h i s   m e t h o d  a pe r fo rmance   p lo t  of s f c  
a g a i n s t   g a s   g e n e r a t o r   s p e e d  a t  maximum power   can   be   p lo t t ed   d i r ec t ly .   S ince  
t h e  tes t  p r o c e d u r e   u s e d   i n   t h e   t r a c t i o n   d r i v e  t es t s  h e l d   o u t p u t   s p e e d  
cons t an t   and   va r i ed   gas   gene ra to r   speed ,   t he   da t a   f rom  f igu re   14  were f i r s t  
c r o s s - p l o t t e d   a s   s f c   a g a i n s t   n o m i n a l  power t u r b i n e   s p e e d   w i t h   l i n e s  of 
c o n s t a n t   g a s   g e n e r a t o r   s p e e d .  Then t h e   p o i n t s   o f  maximum power f o r   e a c h   g a s  
g e n e r a t o r   s p e e d  were i d e n t i f i e d   i n  terms of   power   tu rb ine   speed ,   based   on  
t h e   d a t a   o f   a n  ea r l i e r  e n g i n e  t e s t  ( f i g .   3 ( a ) ) .  The s f c   f o r   e a c h   o f   t h e s e  
maximum power p o i n t s   c a n   t h e n   b e   p l o t t e d   a g a i n s t   g a s   g e n e r a t o r   s p e e d  as  i n  
f i g u r e   1 5 .  T h i s  f i g u r e  shows t h a t   t h e   s f c   o f   t h e   e n g i n e   w i t h   t h e  
v a r i a b l e - r o l l e r - l o a d   t r a c t i o n   d r i v e   s p e e d   r e d u c e r  was c o m p a r a b l e   t o   t h e   s f c  
o f   t h e   o r i g i n a l  helical-gearset-equipped eng ine .  A t  100  percent   gas  
g e n e r a t o r   s p e e d ,   t h e   t r a c t i o n - d r i v e - e q u i p p e d   e n g i n e   e x h i b i t e d   a n   s f c   o f  
0 . 3 6  kg/kW-hr (0 .59   l bm/hp-h r ) ,   wh i l e   t he   s f c   o f   t he   eng ine   w i th   gea r se t  was 
0.35 kg/kW-hr (0.58 lbm/hp-hr). 

same b a s i c   e n g i n e ,   t h e r e  were some m i n o r   d i f f e r e n c e s   b e t w e e n   t h e  
t r ac t ion -d r ive -equ ipped   eng ine   and   t he   gea r se t - equ ipped   eng ine   apa r t   f rom 
t h e   o b v i o u s   d i f f e r e n c e   i n   s p e e d   r e d u c e r   r a t i o   a n d   p o w e r   t u r b i n e   s u p p o r t  
b e a r i n g s .   F i r s t ,   d i f f e r e n t  p o w e r   t u r b i n e   r o t o r s   a n d   p o w e r   t u r b i n e  

The u s u a l  t e s t i n g   p r o c e d u r e   f o r   p e r f o r m a n c e   c h a r a c t e r i z a t i o n   o n   t h e  

It s h o u l d   b e   p o i n t e d   o u t   t h a t ,   t h o u g h  a l l  t h e s e  tes ts  were run   on   t he  
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Figure 15. - Comparison  of  engine  specific  fuel  consumption  at  maxi- 
m u m   p w e r  as a funct ion of gas generator speed for  traction  and 
gear speed reducers. (Points  shown  are  cross plotted. 1 

a s s e m b l i e s   o f   t h e  same d e s i g n  were used .   D i f f e rences   i n   hous ing   a s sembly  - 
e n g i n e   b u i l d u p   c a n  cause v a r i a t i o n s   i n  power t u r b i n e   b l a d e   t i p - t o - s h r o u d  
c l e a r a n c e   t h a t   c a n   a f f e c t  power turb ine   per formance .   Second,  a v a r i a b l e  
i n l e t   g u i d e   v a n e   a s s e m b l y  was i n s t a l l e d   i n   t h e   b a s e l i n e   e n g i n e  a f t e r  t h e  
t r a c t i o n   d r i v e   t e s t s   f o r   f u t u r e   e n g i n e   c o m p o n e n t  t e s t s .  This   assembly was 
l e f t   i n  place wi th   vanes  s e t  a t  z e r o   d e g r e e s   f o r   t h e   g e a r s e t  t e s t .  Minor 
e f f e c t s  on engine  performance  might   have  been  produced by the   p re sence   o f  
t he   vane   a s sembly .   These   i nc lude  a pe r fo rmance   l o s s   due   t o  a s m a l l   p r e s s u r e  
d r o p   a c r o s s  t h e  vanes  and a pe r fo rmance   ga in   due   t o   i n l e t   gu idance  by t h e  
v a n e s .   T h i r d ,   t h e   l u b r i c a t i o n   s y s t e m s  were d i f f e r e n t .   I n   t h e   g e a r s e t -  
equipped   engine ,  a l l  o f   t h e   b e a r i n g s  were l u b r i c a t e d   b y  a pump d r i v e n   o f f  
t h e   g a s   g e n e r a t o r   s h a f t .   F o r   t h e   t r a c t i o n - d r i v e - e q u i p p e d   e n g i n e   a n  
e x t e r n a l ,   c o n s t a n t - f l o w  s y s t e m  s u p p l i e d   l u b r i c a n t   t o   t h e   t r a c t i o n   d r i v e   a n d  
t h e  power t u r b i n e   s u p p o r t   b e a r i n g s .   O t h e r  t e s t  d i f f e r e n c e s  were p o s s i b l e  
engine  component   erosion  f rom  extensive water i n j e c t i o n  tes t s  between  the 
t r a c t i o n   d r i v e   a n d   g e a r s e t  t es t s  and   t he  use o f   d i f f e r e n t   b a t c h e s   o f   t h e  
same t y p e   o f   d i e s e l   f u e l .  

SUMMARY OF RESULTS 

P a r a m e t r i c  t es t s  were  conducted  on a 1 4 : l  f i x e d - r a t i o   N a s v y t i s  
m u l t i r o l l e r   t r a c t i o n   d r i v e   s p e e d   r e d u c e r   r e t r o f i t t e d   t o   a n   a u t o m o t i v e   g a s  
t u r b i n e   e n g i n e .   T h e   t r a c t i o n   d r i v e ’ s   s u n - r o l l e r   a s s e m b l y  was equipped   wi th  
a n   a u t o m a t i c   r o l l e r   l o a d i n g   m e c h a n i s m .   M o d i f i c a t i o n s   t o   t h e   g a s   t u r b i n e  
engine’s   power   tu rb ine   assembly  were made t o  accommodate   the   p lane tary  
c o n f i g u r a t i o n   t r a c t i o n   d r i v e   i n   p l a c e   o f  t h e  o f f s e t ,  9 . 6 9 : l  r a t i o   h e l i c a l  
g e a r s e t .  A s y n t h e t i c ,   c y c l o a l i p h a t i c   t r a c t i o n   f l u i d  was u s e d   t o   l u b r i c a t e  
b o t h   t h e   t r a c t i o n   d r i v e   a n d   t h e   p o w e r   t u r b i n e   s u p p o r t   b e a r i n g s .   T h e   e f f e c t s  
o f  speed   and   to rque   on   d r ive   power  l o s s ,  e f f i c i e n c y ,   c r e e p  r a t e ,  t e m p e r a t u r e  
d i s t r i b u t i o n ,   a n d   l o a d i n g   m e c h a n i s m   a c t i o n  were i n v e s t i g a t e d .  Tests were 
c o n d u c t e d   t o  a fu l l -engine-power   tu rb ine   speed   of   45  000 rpm a n d   t o  a 
measured   dr ive   ou tput   power   l eve l   o f   102  kW (137 hp).   Comparisons were made 
w i t h   d r i v e   p e r f o r m a n c e   d a t a  t h a t  had  been  generated  on a back-to-back tes t  
s t a n d   t o  180 kW (240   hp) .   Dr ive   per formance   under   f ixed-pre load   opera t ion  
was compared   wi th   per formance   under   var iab le- ro l le r - load   opera t ion .  
Comparisons were a l s o  made b e t w e e n   t h e   s p e c i f i c   f u e l   c o n s u m p t i o n   o f   t h e  
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t r a c t i o n - d r i v e - e q u i p p e d   e n g i n e   a n d   t h a t   o f   t h e   o r i g i n a l   g e a r s e t - e q u i p p e d  
engine .   The   fo l lowing  resul ts  were o b t a i n e d :  

g a s   t u r b i n e   e n g i n e .  

s p e e d   r e d u c e r   i n s t a l l e d  was c o m p a r a b l e   t o   t h a t   o f   t h e   o r i g i n a l  
h e l i c a l - g e a r s e t - e q u i p p e d   e n g i n e .  

hea t   ba l ance   exceeded   92   pe rcen t .  

was always less than  or e q u a l   t o   2 . 5   p e r c e n t .  

1. The   d r ive   showed   good   ope ra t iona l   compa tab i l i t y 'w i th   t he   au tomot ive  

2. S p e c i f i c   f u e l   c o n s u m p t i o n   o f   t h e   e n g i n e   w i t h   t h e   t r a c t i o n   d r i v e  

3. E s t i m a t e d   p e a k   e f f i c i e n c y   o f   t h e   t r a c t i o n   d r i v e   b a s e d   o n  a l u b r i c a n t  

4 .   T o t a l   d r i v e   c r e e p  was h i g h e r   f o r   v a r i a b l e - r o l l e r - l o a d   o p e r a t i o n .  It 

5 .  P a r t - l o a d   e f f i c i e n c y  was h i g h e r   f o r   v a r i a b l e - r o l l e r - l o a d   o p e r a t i o n .  
6 .   P o s t - t e s t   i n s p e c t i o n s   o f   t h e   t r a c t i o n   r o l l e r   s u r f a c e s  showed no 

s i g n s   o f  wear o r   s u r f a c e   d i s t r e s s .  

Nat iona l   Aeronaut ics   and   Space   Adminis t ra t ion  
L e w i s  Research   Center  
C leve land ,   Oh io ,   J anua ry  25,  1982 
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